This paper describes glacigenic landforms and sediments occurring within the Dungiven Basin, north-west Ireland. It relates them to the pattern and timing of deglacial events within several sectors of the late Midlandian British-Irish Ice Sheet. The distribution, association and sedimentology of relatively well-preserved relict deglacial landforms are used in combination to reconstruct the nature and pattern of déglaciation in the region. An intricate pattern of ice-marginal and topographic control on the formation of glacially fed water bodies within the basin occurred during glacial down-and back-wastage toward icesource areas. The dominant ice masses in the basin retreated west and south-west toward
Introduction

Topographic setting
The Dungiven Basin is an area of hill and valley topography of ^ 150 km2 in north-west Ireland, encompassing the most northern slopes, foothills and valleys of the Sperrin Mountains and the Faughan/Roe Valleys (Fig. 1) . Topographically, it is composed principally of the east-west-oriented Dungiven Depression, from Claudy (Irish National Grid Reference: 254400, 407400) to Dungiven (269000, 409500), Co. Derry, and the south-northdraining valleys of the Faughan/Roe Rivers. The Loughermore uplands (~400m above sea level (ASL)) dominate the centre of the basin and separate the Dungiven Depression from the Foyle Basin and its estuary to the north. To the west, the Dungiven Basin is separated from the Foyle Valley lowlands by a north-west/south-east-oriented spine of high ground (up to 370m ASL) comprising Crockdooish, Eglish and Slievekirk. To the south, the south-west/north-east-oriented, locally >400m-deep, Glenelly and Owenkillew Valleys dissect the Sperrins uplands (678m ASL at most), separating the Dungiven Basin from the Omagh Basin.
The occurrence of glacigenic sediment exposures within the Dungiven Basin is essentially limited to infrequent shallow streamside sections and a relatively large number of quarry excavations in commercially valuable sand and gravel deposits. On the upper flanks and summits of the Sperrins, Dalradian schist bedrock is commonly at or near the surface. Where exposed, sediment coverage there comprises a l-2m smear of schist-dominated, relatively immature, massive angular diamict. Glacigenic sediments appear to thicken downslope and infill most topographic hollows on the mid-to upper hill slopes, adding to the generally smooth, rounded appearance of the upland region.
Bedrock geology
The low ground of the Dungiven Basin is predominately floored by Upper Dalradian pelitic and psammitic schistose lithologies, with Tournaisian Carboniferous occurring along the upper Roe Valley around Dungiven (Wilson 1972) . A ridge of Argyll Group Dalradian facies forms the high ground of the Sperrin Mountains rising to the south. The North Derry Hills are capped by Palaeocene Upper Basalts, forming a scarped boundary to the east, from Binevenagh south to Benbradagh, near Dungiven.
Previous work
Traditional reconstructions of ice-sheet flow across the area during the principal period considered in this paper, the late Devensian Last Glacial Maximum (27-21ka BP, Chiverrell and Thomas 2010; ~27-23ka BP, Clark et al. 2012) , propose complete over-topping and inundation of the basin (Fig. 2) . Models of the glacial history of the study area are based on a range of glacial geologic evidence, and in many cases ice flows across the region are inferred from palaeoglaciological models (e.g. Boulton et al. 1985; Warren 1992) Dwerryhouse 1923; Charlesworth 1939; Colhoun 1970) ; and striae orientations and landform distributions, e.g. deglacial landforms (Dwerryhouse 1923 long-axis orientations (e.g. Charlesworth 1939; Greenwood and Clark 2009) .
A stratigraphy of two and possibly three 'tills' (Bazley et al. 1997 ) has been observed in restricted river-valley sections at Sistrakeel and Lackagh on the northern flanks of the Loughermore uplands ( Fig. 1) . Bazley et al. (1997) provide the only description of three 'tills' in the area, possibly attributed to three periods of glaciation (cf. Colhoun 1970) . Their lower 'Lackagh Till' is described at one location (Lackagh) as light grey, micaceous, silty, non-calcareous clay containing clasts of striated Dalradian lithologies, derived from local sources. It is overlain by the lower 'till' of the Foyle and Dungiven Basins, which may be equivalent to the 'Lower Boulder Clay' of Wilkinson et al. (1908) and the chalk-bearing 'Bovevagh Till' of Colhoun (1971) (Fig. 3B ). This diamict is described as a highly calcareous, light to medium grey (unweathered) and brown to chocolate-brown (weathered) clay containing chalk, limestone and flint erratics and detrital broken marine shells. The (after Colhoun 1970; 1971). erratics are all of a north-easterly source, with Cretaceous chalk cropping out in a narrow band along the base of the north-coast cliff line and the western flank of the North Derry Hills (Wilson 1972) (Fig. 3B) . The detrital marine fauna are mostly bivalves but include crustacea and foraminifera (Wilkinson et al 1908) . The shell material is not believed to be in situ but glacially transported from offshore and deposited throughout the basin, reportedly at up to 240m OD in the upper Gelvin River basin (Colhoun 1971) . A glacigenic diamict (till) with these characteristics has traditionally been associated with an 'older' (Munsterian) glaciation of the basin by ice from the north or north-east (Scotland) (e.g. Kilroe 1888; 1913) . Most models that include this phase of glaciation vary only in Although largely outside the scope of this paper, the patchy distribution and exposure of 'older' sediments within the more northern parts of the Dungiven Basin, along the west-east line of the Loughermore uplands (e.g. Sistrakeel and Bovevagh, McCabe 1999) , allows only a general evaluation of older glaciations in the region in terms of timing and provenance. It is inferred that the north of Ireland experienced at least one period of extensive glaciation during a pre-late Devensian cold stage. Based on the transport direction of Cretaceous chalk erratics south-westward from the northern and western lower slopes of Binevenagh into the lower Roe Valley, at least one of the glaciating ice masses was of Scottish provenance (Colhoun 1970; 1971) (Fig. 2) .
Models of late Devensian glaciation of the Dungiven
Basin
In traditional static 'snapshot' reconstructions of ice-flow patterns within the last British-Irish Ice Sheet (BUS) at the Last Glacial Maximum (LGM) (Fig. 3) , flow vectors across the western parts of the Dungiven Basin are generally inferred to have been derived from centres of ice dispersal in southern and central Donegal (Fig. 3D, E Bowen et al. 1986 ) are generally accepted as extending to onshore limits on the peninsulas of northern Donegal and in the Bann Valley lowlands (Fig. 2D ). More extensive ice flowsets across the north coast to offshore limits from source areas also in south and east Donegal are also modelled (e.g. Warren 1992; McCabe and Clark 2003; Greenwood and Clark 2009) (Fig. 2F) . Charlesworth (1924) (Fig. 2C ) was first to propose a 'late-stage' glaciation of the Foyle and Dungiven Basins by ice from a centre of dispersal in the Donegal Highlands. Ice extents were reconstructed from the distribution of Barnesmore granite erratics (from the Blue Stack Mountains in south Donegal) across the region. The pattern of hypothesised bedrock-cut lake overflow channels and associated ice-marginal and extra-glacial lake basins in the Sperrins, Dungiven Basin and the eastern tributaries of the Foyle River supported a model of down-and back-wasting ice margins northward and southward across the spine of the Sperrins. In the Dungiven Basin, Charlesworth (1924) linked deposition of (some) glaciofluvial landforms with actively back-wasting Donegalsourced ice margins. Water bodies were ponded in proglacial troughs between the receding ice front and rising ground to the east (the Sperrins). This resulted in a suite of ice-marginal deltas that decreased in altitude northward and a complex pattern of glacial overflow channels controlling lake elevations.
No evidence of palaeoflow indicators from within proposed lake infill sequences (deltas) is presented in the work, and a significant reinterpretation of many of the deposits is presented here. Colhoun (1970; 1971) (Fig. 3) provided the most comprehensive investigations into the glacial geology of the central and northern Sperrins. He investigated both the glacial stratigraphy and the geomorphology of the region, using erratic carriage evidence, and reconstructed deglacial landform patterns to propose a set of at least three glacial advances into the Dungiven Basin from Donegal (Fig. 3A) , Scotland (Fig. 3B) , the Lough Neagh Basin/Sperrins (Fig. 3C ) and the Omagh Basin (Fig.   3D ). His model of LGM (his 'Late Sperrin') glaciation (Fig. 3D ) was of complete inundation of the Dungiven Basin by ice principally sourced in the Omagh Basin. Notably, the déglaciation pattern of this stadial differs significantly from that of Charlesworth (1924) , with the northern flanks of the Sperrins deglaciated from north to south by ice receding toward the Omagh Basin, not northward into the basin and then westward toward Donegal. The deglacial morphology presented in support of the model includes suites of back-stepping morainic limits and associated glaciofluvial terraces and meltwater-incised bedrock channels, formed as ice limits receded south into the Owenkillew Valley (south-west Sperrins).
Later workers in the region (e.g. Creighton 1974; Stephens et al. 1975) chose to largely omit the inclusion of deglacial features (e.g. glaciolacustrine landforms and sequences) as evidence of ice activity in the basin. They focused on interpreting the 'fresh drift' drumlin readvance limit of Synge and Stephens (1960) (Fig. 2D ) as an LGM 'limit', placing it as far north as the southern slopes of Inishowen, on the north side of the Foyle Basin (cf. Colhoun's 'Late Sperrin' limit, Fig. 3D ). Based on associated generalised south-north ice-flow indications, this
LGM limit implied complete glaciation of the Dungiven Basin to the south. This limit within the Foyle Basin has been transferred to all succeeding interpretations of a late Devensian 'Drumlin Readvance '/LGM limit (e.g. McCabe 1987; Warren 1992 ).
The 'Killard Point Stadial' limit of McCabe et al. (1998) (Fig. 2E ) was not associated with this limit, as it was in north-central Ireland (e.g. the Kells/ Dunany moraine). 2007b; McCabe and Clark 1998; 2003) . Greenwood and Clark (2009) (Charlesworth 1924) and southward recession of 'Omagh Basin' and 'Lough Neagh' ice ).
Description of Morphostratigraphic Units
Relatively well-preserved relict deglacial landforms, including glaciolacustrine deltas, outwash plains, moraines and esker fragments, occur in three main topographic settings: (1) in the Dungiven Depression (straddling the upper Roe and upper Faughan River catchments); (2) infilling the northern foothill valleys; and (3) as isolated deposits perched on generally north-facing flanks of the Sperrins.
The glaciofluvial deposits of the Dungiven Basin are grouped into two broad time-stratigraphic units using a morphostratigraphic approach that applies the principles of stratigraphy (e.g. Skinner and Porter 1987) to geomorphology and unconsolidated sediments (Lukas 2006) . The two sets of landforms described here mainly consist of ice-marginal and extra-glacial glaciolacustrine deltas preserved at eleven principal locations in the basin (Fig. 4) .
Co-ordinates supplied refer to the Irish National Grid.
The Derrynaflaw Morphostratigraphic Unit
The glaciodeltaic deposits of the Derrynaflaw Unit (Fig. 4) .
The topography comprises a ridge at up to ~ 142.5m ASL that forms the southern margin of the deposit, from where it slopes north and northwest, generally along the trend of the Roe Valley (Fig. 5) . The ridge is composed of extensively quarried north-and north-east-dipping (at 10° to 30°N), trough-cross-bedded sand and cobble-gravel deltaic foresets (Fig. 6 ). The deposit is dissected by the sinuous Altmover Glen channel, 3km long and up to 40m deep, on its north-western slopes.
The channel intakes at ~ 120m ASL at the extreme western margin of the delta (at the eastern end of the Fore Glen Depression) and drains generally from south-west to north-east to ~80m ASL in the Roe Valley.
Interpretation
The deposits at Derrynaflaw comprise remnants of a probably more extensive ice-contact glaciolacustrine subaqueous fan. The deposit occurs at the north-western margins of the Dungiven Depression, and palaeoflow data suggest that sediment supply was from this direction, with north/north-easterly progradation of the delta into a lake ponded in the upper Roe Valley to at least 142m ASL. The deposit is inferred to be ice contact because it occurs as an isolated local topographic high, suggesting that an elevated sediment source must have been present to facilitate aggradation of the sediment body above the surrounding topography. The facies exposed are not indicative of typical subaqueous jet efflux deposits, which may aggrade to above the sediment source elevation because of high efflux hydrostatic water pressures. The facies exposed are interpreted as proximal parts of a low-angle subaqueous outwash fan (Rust 1988) . Coarse-grained, poorly sorted ice-contact facies were not observed in exposures.
Their absence may be due to post-depositional erosion of the previously more extensive fan on its southern margins, which border the Dungiven outwash plain. Post-depositional dissection has also The spread slopes generally northward from a relatively flat and extensive plateau surface (1.5km2) of low relief ( <5m) lying at 126m ASL around Binn townland (Fig. 7) . A 30m-deep, steep-sided meltwater channel containing the course of the presentday Glenrandal River separates the fragments. The deposit is also truncated on its northern and northeastern margins by steep erosional slopes of the upper Faughan River channel.
Robinsons quarry ( 253500 , 406200)
An exposure logged at Robinson's quarry is located in the north-eastern corner of the flat-topped landform, north and downslope of the plateau (Fig. 7) . The extensive (>100m in total) section shows two lithofacies associations (LFAs): conformably bedded, well-sorted, planar and rippled sands in wide, shallow channels (SI), overlain unconformably by pebbly gravel sands (Gl) (Figs 8 and 9). SI consists of 1.4m of conformably bedded, medium to fine sands contained in channels dipping at low angles (<5°). SI contains beds showing both planar-horizontal and rippled lamination. The small-scale ripple sets ( <10cm thick) consist of Atype, B-type and climbing forms (Jopling and Walker 1968) (Fig. 9, inset) .
The succession of medium sands is truncated by a clearly defined erosion surface (Fig. 9 , Point X).
Above this discontinuity, 0.6m of rippled and laminated pebbly sands are interbedded with small-scale (<20cm thick) gravel lags. These are conformably overlain by up to 10m of planar-crossbedded sandy cobble gravel. The gravel beds dip at 20° to the north.
At 50m farther south in the quarry, ~ 1.3m of flat-lying, poorly sorted, massive cobble gravels (G2) occurs above an erosive contact with the planar-cross-bedded sandy cobble gravel (Gl). G2 has little lateral extent owing to incision and removal by post-depositional erosion and quarrying.
In the south-western part of the quarry, poorly sorted pebble and cobble gravel occurs at the same elevation as SI ( 
Tullintrain ( 255100 , 404250)
A 2km2 area of small-scale hummocks, extensive hollows and dissected ridges adjoins the flat top at Binn (255200, 406300) to the south and south-east, extending south-east along the River Faughan channel, for ~ 2.5km. Approximately 0.5km2 of the area consists of low-amplitude hummocky topography comprising small-scale enclosed hollows in the spread's surface at Tullintrain, immediately south of and adjoining the plateau (Fig. 7) . The small-scale hummocky topography is abruptly truncated on its southern margin by the steep slopes of a large-scale (0.1km2) enclosed depression at Ling.
An exposure in the hummocky, dissected ridge complex, which extends east and south-east from Tullintrain along the southern margin of the Faughan River, occurs in a commercial quarry at Gilky Hill (256900, 405400). Several facies of matrix-poor, channelised pebble and cobble gravel pass laterally into stacked units of planar-laminated and rippled sands contained within channels up to 10m deep and >25m in diameter. The channel axes have an orientation of 040°, and dip at <5° to the north-east, away from the plateau area. An erosional contact separates both of these facies from flat-lying channel fills consisting of massive to crudely bedded gravelly sand. Both quarries have a similar pebble-clast composition of 49% schist and 49% vein quartz, with occasional erratics of quartz porphyry and granites ( < 1%).
The valleys to the south of the spread (around Slieveboy Hill) are infilled with ~2km2 of gently north-sloping glaciofluvial terrace fragments. The terraces rise to the base of minor cross-valley morainic ridges around Clagan (258600, 404700).
Interpretation
The SI facies at Tullintrain indicates a low-energy, subaqueous depositional environment, with sedimentation dominated by suspension rain-out of sand and traction-current reworking of beds into ripples. The undisturbed regular lamination of the sandy foresets indicates progradation into a deep proglacial water body. Progradation of sandy foresets occurred after flow separation on entrance into the water body. The sediments are interpreted as deltaic foresets. Consistent strikes and dips record sediment input from the south and east.
The steeper-angle, coarser sediments of Gl above the erosion surface indicate a switch of depositional environment into more competent, sediment-rich, higher-energy inputs into a subaqueous environment, demonstrated by the planar bedding. The coarser foreset beds represent a significant change in sediment-supply regime as the delta prograded or a change in the loci of the subglacial channels. Sediment supply changed to a higher-energy, coarser efflux that first eroded the existing topsets and foresets, before beginning to aggrade a new deltaic wedge.
The trough-cross-bedded cobble gravel (G2) overlying the sandy foresets is interpreted as topset beds formed in an avulsing, braided-stream-type proglacial environment during subaqueous deposition of GÌ. A reduction in water elevation would have exposed the delta surface to subaerial erosion by meltwater streams and the deposition of cut-andfill channelised gravel, i.e. G3. The extensive horizontal surface at Binn is inferred to be the intact depositional surface of Gilbert-type deltaic topsets. The area around Tullintrain, Ling and Gilky Hill, immediately south of the plateau, consists of coarser, increasingly iceproximal sediments (e.g. mounded gravel). Kettlehole formation in Binn townland ( The water body overflowed along the Fore Glen to the north-east, controlling waterbody height to ~120m ASL (Fig. 4) . 
The deposit is interpreted as an ice-marginal glaciolacustrine, Gilbert-type, flat-topped delta, formed as ice filled the Faughan Valley to the south. It is argued that the ice margin was located at the southern margins of the deposit, giving rise to the oversteepened (interpreted as ice-contact) up-valley slope.
The sediments exposed at Fawney are interpreted as ice-distal facies deposited as the glaciolacustrine delta prograded northward and infilled pre-existing topographic lows in the flanks of the Faughan Valley.
After drainage of the proglacial lake, meltwater flow from hillsides to the east dissected the deposit along the Madam's Burn channel.
Hummocky topography surrounding the infill at the Fawney deposit on its margins is interpreted as ice-marginal morainic deposits, pre-dating the deltaic deposit. It is inferred that the ice margin at this location retreated south and west from the flanks of the Loughermore uplands and its maximum extent in the Foyle Basin. As it retreated, temporary stillstands allowed the aggradation of lateral moraines while meltwater drained northward toward the Foyle Basin, eroding the Muff Glen channel. As the margin descended the flanks of the Faughan Valley, meltwater was impounded against the ice margin in the topographic low of the pre-glacial topography, allowing aggradation of the subaqueous spread. The spread was probably more extensive and has likely undergone post-depositional erosion after drainage of the valley along its western and northern margins. The eroded sediments were probably reworked into the extensive suites of glaciofluvial terraces that occur north of Fawney along the length of the lower Faughan Valley at Campsie ( Fig. 1; McCarron 2000) .
Gosheden
A small (< 0.2km2), perched, flat-topped terrace fragment occurs at ~ 120m ASL at Gosheden (250000, 409950), on the western flank of the >60m-deep middle Faughan Valley (Fig. 4) . The deposit is surrounded on its southern and southeastern margins by a belt of 5-10m-high gravel hummocks. An exposure near the flat-topped terrace crest exposes trough-and predominately planar-cross-bedded, well-sorted, openwork, steeply dipping (25-30° to 40°N) cobble gravel, sandy pebble gravel and normally graded, avalanche-front cobble gravel occurring in broad (20-30m) channels (Fig. 11 ).
Interpretation
The terrace is interpreted as an ice-marginal glaciolacustrine deposit that prograded northward into a lateral water body impounded at ~120m ASL against the western slopes of the middle Faughan Valley. The deposit is alone at this elevation in this part of the valley. The steeply dipping channelised planar cross-beds and avalanche-front cross-strata are interpreted as high-angle foresets formed as part of subaqueous outwash infilling a valley-side lateral depression in the ice margin. The localised ice margin is demarcated by the hummocky morainic topography along the terrace's southern margins.
The ice-marginal delta is inferred to have formed at approximately the same time as the larger Fawney delta, the dissected remains of which are located across the valley and to the north.
Bond's Glen A large (2km2 and >30m-deep) belt of hummocky topography occurs at the eastern end (mouth) of Bond's Glen (251150, 407560) at up to 110m ASL (Fig. 4) . Bond's Glen forms a steep-sided, flatfloored, west-east-falling, > lOOm-deep, rock-cut of extensive (10-12km-long and <50m-thick), gently north-sloping, dissected sets of paired terrace fragments (Fig. 4) . Two paired terrace levels are nested within the lower valley north of the Fawney delta, with the lower set terminating at the junction of the lower Faughan River with the Foyle Estuary at ~20m ASL around Campsie (Fig. 1) . Associated landforms: outwash plains, meltwater channels and glaciofluvial terraces
In the area associated with deposits of the Derrynaflaw Formation, relating to ice-mass decay along the east-west-trending Dungiven Depression, several examples of outwash plains, moraines and largescale meltwater channels occur (Fig. 4) . The flow direction of the meltwater channels is strongly dictated by regional topography. West of the drainage divide, channels fall generally north-westward along present river valleys toward the principal channel of the area now occupied by the misfit Faughan River (Fig. 4) . In the higher reaches of the valleys, dissected sets of glaciofluvial terraces line the channel margins (e.g. 
East of the Dungiven Depression
Summary
It is inferred from the morphology, sedimentology and spatial distribution of glaciofluvial deposits comprising the Derrynaflaw Unit that late Devensian déglaciation of the Dungiven Basin's lowland valleys proceeded toward the west/south-west (Fig. 15) . The extent of ice at the onset of déglaciation was to the east-north-east of the Derrynaflaw delta in (Fig. 2) .
The Murnies
This glaciofluvial complex is perched on the northeast-facing, rounded bedrock slopes of the Benedy Glen, a north-draining deeply dissected valley up to 3km wide in the northern face of the Sperrin Mountains (Fig. 4) . The wedge-shaped deposit thickens north-eastward from the mouth of the lkm-long Altnaheglish bedrock meltwater channel, which intakes at ~265m ASL on the col between Tamniarin and Teeavan Hills (Fig. 12) . The Murnies (270400, 405940) comprises two prominent, lobate, flat-topped surfaces at 230m and 243m ASL, which cover an area of ~ 0.75km2. The valley-facing northern and north-eastern slopes are steep (25-30°) and free of erosional scars. Small meltwater channels occur along the upper lateral margins of the deposit.
Internally, the deposit consists of two principal LFAs. About 90% of the deposit consists of largescale foresets of alternating sand and gravel beds that dip to the north-east. Clasts are predominately quartzite (99%), with a small schist component (1%). Foresets occur within broad channel-like structures.
An angular unconformity separates the steeply dipping foresets from flat-lying topset beds composed of poorly sorted, matrix-supported cobble gravels. Crude stratification is recorded by cobble lags, abrupt textural changes and shallow scours. At two locations, ice-wedge pseudomorphs up to 2m deep and 0.6m across intrude into the bedding in the upper gravel beds.
No major extensional faulting is present within the sediment sequence. The frontal slopes of the landform are subparallel (25-30°) to the foreset dips (20°).
Interpretation
The deposit's structure is similar to a Gilbert-type delta that prograded north-eastward into an extraglacial lake in the area of the present-day Benedy Glen valley. The rock-cut Altnasheskin meltwater channel acted as the main debris supply route from an ice lobe situated to the south-west of the local watershed between the Teeavan and Tamniarin Hills. Delta formation began with lake level at 245m ASL, but a drop in lake level resulted in incision and erosion of the upper delta surface and formation of a lower, more extensive delta at 230m ASL.
There is no evidence to suggest that ice directly fronting the delta in the Benedy Glen was responsible for water ponding, i.e. that pro-delta slopes were in ice contact. The lack of post-depositional extensional faulting in the delta-front facies indicates that the steep pro-delta slopes are probably primarily depositional, reflecting the internal steeply dipping foreset bed geometry.
The free-standing water body into which the Murnies deltas aggraded could have been formed by either a localised ice-marginal water body impounded against the rising bedrock slopes of Teeavan Hill and an ice margin located downslope in the central Benedy Glen or a larger water body infilling the Benedy Glen and impounded by ice at the mouth of the valley at its junction with the Dungiven Depression, 2km to the north. The lack of distinct moraines in the lower Benedy Glen possibly supports the latter explanation; however, no unequivocal evidence is reported to differentiate between the mechanisms.
Banagher
In the Owenrigh Valley, in the northern foothills of the main Sperrin Mountains range, a 1 .2km2 dissected spread of gravelly sand and poorly sorted massive cobble gravel occurs at the mouth of the valley along the southern margin of the Dungiven outwash plain (Fig. 4) . Post-depositional meltwater erosion along the steep-sided, up-to-80m-deep Owenrigh Valley channel, which is cut in metamorphic bedrock, has bisected the sediments into two fragments. Flat tops (at ~122m ASL) on the fragments slope to the north-east and north-west, away from the channel mouth and the rising slopes The available sedimentary and morphological evidence does not unequivocally differentiate between the localised and regional-scale ponding mechanisms. However, the absence of significantly entrenched overflow channels to the north and the pragmatic difficulty of sustaining a continually rising water body of such regional proportions seem to support a localised ponding mechanism. In addition, the evidence presented for ice-mass presence in the Dungiven Depression at some stage during the déglaciation (resulting in the deposits of the Derrynaflaw Formation) also supports a localised mechanism for water-body impoundment.
Templemoyle
At ~2km to the south of and up-valley from the deltaic topography at Banagher, a 0.75km2 dissected deposit of flat-topped valley-fill remnants occurs to the south-west of Teeavan Hill (Fig. 4) . Dissection has resulted in three perched, flat-topped fragments of similar elevation on opposing valley sidewalls. (Fig. 4) . The flat top occurs at ~260m ASL. The deposit passes vertically down and laterally into diamict. This is separated from the hummocky deposits that form part of the Templemoyle complex by a meltwater channel occupied by the Owenbeg River.
Interpretation
It is inferred from the flat-topped, steep-sided morphology of the deposit that it probably constitutes a Gilbert-type delta formed at an ice margin retreating south-west into the Sperrin Mountains. It is inferred from the relatively high elevation of the necessary water-body surface (260m ASL) that an ice margin located in the lower Owenbeg Valley and the upper Owenrigh Valley impounded a localised ice-marginal lake in the upper Owenbeg Valley, into which the delta prograded. No firm evidence of the relative chronology of the Mullaghash, Banagher and Templemoyle deposits, which all occur within the same drainage basin, is present. However, from the relative heights of the local ice margins at the mouth of the Owenbeg River during formation of the Mullaghash delta ( ~50-60m), it is inferred that deposition occurred during formation of the Banagher deposit. At this time, ice was extensive enough to occupy the lower reaches of the Owenrigh channel.
Altbritain
A dissected and largely eroded valley fill occurs in the lower portions of the Altbritain River Valley at ~350m ASL (Fig. 4) . The poorly exposed, flat- (sand) and suspension rain-out (silt and mud).
Occasional cobble-sized clasts were probably released as ice-rafted debris. The sediments described therefore comprise ice-distal facies, deposited into a proglacial water body of considerable depth. The coarse gravel exposed at the crest of the ridge may represent topset beds formed as the deltaic wedge aggraded to water-body elevation. The sediment facies and flat-topped geometry of the deposit indicate that the deposit represents a subaqueous fan deposited into an ice-marginal water body impounded in the Altbritain Valley from a sediment source to the south, in the direction of the upper Sperrin Mountains (Fig. 15) . At this elevation, the probable impounding mechanism was an ice margin occupying lower ground (the upper Finglen channel) to the north.
Tamnagh
At Dreen (Fig. 4) , a complex of poorly exposed, dissected cross-valley ridges forms several topographic highs (locally 10-15m) interspersed with flat-topped alluvial terraces.
At ^3km up-valley, on the north-western slopes of Learmount Mountain, a steep-sided ridge of bimodal planar-cross-bedded sand and cobble gravel occurs perched on the valley side. Exposed beds dip at 25° to 120°N. Directly across-valley, 9m of stratified sediments is exposed in a remnant wedge of formerly more extensive valley fill. A composite exposure of the ridge and valley fill consists of six main lithofacies (Fig. 14) . The lowest lithofacies exposed (Gl) consists of 1 m of low-angle (dipping at 10° to 100°N), planar-bedded cobble to pebble gravel. This is conformably overlain by 5m of stacked diamicts (Dl) interbedded with (<15cm- Thus, to allow for the observed spatial and temporal patterns of sedimentation, the water bodies are inferred to have been impounded in the north-facing valleys of the Sperrins by an ice mass occupying the east-west axis of the Dungiven Depression (Fig. 15) . This is inferred to be the same ice mass that gave rise to the deposits of the Derrynaflaw Unit during its retreat south-west along the axis of the Dungiven Depression. In this regard, it is considered unnecessary to invoke the Termination (Knight and McCabe 1997a) , which may have weakened east-directed flow strengths. Advance into and along Donegal Bay at 27ka BP was followed by déglaciation and ice-free conditions within the embayment (McCabe et al. 2007b) . At ~20 cal. ka BP, a more restricted readvance of this margin into the bay was followed by marine down-draw processes toward tidewater margins in the bay, during which the final 'drumlin-shaping' event occurred inland (McCabe et al. 1992) . Icesheet down-draw processes (Hughes 1986) are modelled as propagating inland and accelerating ice flow across southern Donegal and the Lough Erne Basin. One of the principal effects of large-scale ice-flow acceleration is modelled to involve a progressive flattening of the ice-sheet profile up-ice and thus a progressive reduction in ice pressure toward other (inland) margins, e.g. in the direction of the Dungiven Basin.
Similarly, Knight (1997; 2003) Patterns of ice-marginal decay as shown by reconstructed morphostratigraphic units, support final déglaciation of the Foyle Basin and the Dungiven Basin by ice retreating toward source areas to the south-west. It is proposed that the spatial interplay between these ice margins and bedrock topography during déglaciation provides plausible local mechanisms for water-body impoundment. Whether déglaciation of the Dungiven Basin was continuous or was interrupted by a prolonged period of ice-marginal stabilisation or even readvance remains unresolved. It is possible that the aggradation of so many substantial sand and gravel deposits in the basin was related to ice-sheet events associated with Heinrich Event 1, at ~17.5ka BP McCabe and Clark 1998) . In the absence of geochronological constraint, however, it is very difficult to establish such correlations.
Currently, the pattern of ice-marginal recession may indicate sectoral mass-balance difference (e.g. highland source areas continuing to receive sustaining precipitation volumes) and/or variations in iceflow 'strength' (possibly owing to reductions in icesheet vertical profiles due to down-draw elsewhere).
The ice-flow patterns presented here do, however, provide more resolution to support models of a highly dynamic last British-Irish Ice Sheet (McCabe 1985) . Reconstructions of ice-sheet initiation and development on realistic terrain, at high temporal resolution and driven by inferred palaeoclimatic variables (e.g. Hubbard et al. 2009 ), indicate that highly dynamic ice-sheet growth and decay cycles may have occurred repeatedly within a 'glaciation'. To achieve confidence in the capture of ice-sheet scale-growth, motion and decay processes with these models, the strongest set of geological evidence is needed to evaluate the input parameter sets. This highlights the importance of continuing to evaluate critically and possibly refine the geological record of former ice growth and decay in Ireland.
